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Issues Relating to Body Mass Index, Fat-Free
Mass Index and Fat Mass Index

Shuichi KOMIYA"*

Abstract

Over the last two decades, a dramatic increase in overweight and obesity has been reported in both developed
and under-developed countries. Associated with this excess of body mass and body fat is the increased risk of
developing heart disease and diabetes. Childhood obesity is rapidly emerging as a global epidemic that will
have profound public health consequences as obese children become obese adults. However, there is no
internationally acceptable index to assess childhood obesity. Furthermore, attention has focused primarily on
the methods by which body composition data are obtained, and less on the way in which the data is expressed.
The advantage of using body mass index (BMI) is that stature and body mass are variables readily available
and easy to measure. However, the major shortcoming of the BMI is that the actual composition of body mass
is not taken into account: excess body mass may be made up of either adipose tissue or muscle hypertrophy,
both of which will be judged as ‘excess mass’. To resolve these issues, BMI can be separated into its fat-free
and fat components. These two indices, known as the fat-free mass index (FFMI; FFMkg/m?) and fat mass
index (FMI; FMkg/m®) are both discrete and adjusted for stature. The potential advantage is that only one
component of body mass, i.e., fat-free mass (FFM) or fat mass (FM), is related to the stature squared.
Considering that BMI is the sum of FFMI+FMI, an increase (or a decrease) in BMI can be traced to a rise (or
a drop) in one or the other component, or both. FFMI and FMI used in conjunction with a percentile grid
derived from a suitable reference population can be expected to provide more meaningful information about
nutritional status than BMI alone can offer. The purpose of this article was to introduce these indices, by
which leanness and obesity in children can be more accurately assessed.
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CO20F M THF RO EmE A L, 11EA
IELTWA. DOETYH, 1998FE D 155K L L5 %
T1300/7 A\, Zetk 10005 AASHE{E & CTd 5 &4
EINTWE ., FKESLKIEHEOEEIL, EER
WERIF 2 EDV A7 @b b 128, EEEOEKE
PREE o T\ A,

WRE, BERAEEERTH, BT, BRI
i (kg) RAEEICEDLBRERHEOEE (%)
ELTREND GROEHESHEE S5, Larl,
JELHG C RIS S 2 AR & & TR W AFER#EIPH IS b 7z o
THEHIZ, Z L TEMICHET 5 HEE R,

fRE, WREE S AELHMERTY, FRIE
kPRI E & LT L O A BB ERT SIXRS &
WY LhL, BREKEN 74—V FIZEICE 5T
I CIFERIETH 5720, GECTHEL AR
BRERLEMOZ L Lgt ThHL EEZBN, LD
EEMETIIHVON TV, BIfE, SEO_FETH
# /24K HE (Body Mass Index, BMI; kg/m’) #%
BERELHEMORE L LTULLHWSRTWS Y,
LH»L, BMLIZAEZ HGROZHRETHR LR TS
b7, BEMIIH H/NBICOWTIE, HREEOERK
PEBEINZTUER S 2V,

RIFF SO, BARER O B BMI % H v
DB EDRFAEELTVE, X512, KELBRT
HEELES%BIENiE (Fat-Free Mass; FFM) &
JEWi&E (Fat Mass; FM) &%z, hE2H5EO_F
THE L7z BMI (kg/m?) &, FFM, kg/&&*+FM,
kg/GE? LA—METHAHY L) LgEhrs, BMI
MR ER S (Fat-Free Mass Index; FFMI) &
JEliE a4 (Fat Mass Index; FMI) 12434 L T,
BMI & FFMI & O FMI O E% 5 LT\ 5

1. BMI
fhE (W) L5 E (H) oflagbeicts, W/H
(Jetk®E), W/H' (& ML —48%), W/H® (@—1L )V
B8, W2/H (Kr 77 )vigk), H/W” (Y=
FUEE), cWYH/H? (T7FV-<Lby 785K %
B, KRR E LTHVWSRTWS. W/H 121475
DEoL ¥ 2w HRESFERTHVEELHEME
~L, W/HIEZSHU EOBTEZBEVWTHEE~YA T
ADMEERL, RELIIHBELZVWY. LaL,
W/H L, BLoFEiRThRELHVWEELMBELR
L, BRLEEVHEZRST, BAERHEEL D2k

DEWHBEEZRTY. W/H (kg/m*) (& Quetelet
LAJ (1869)" I2 &k o THZE S, Keys b (1972)7
12X > TBMI &g &z,

1) BMI fFHNDRRA

BMI 25@FE RO E IR BIL L HWH NS
B, BELREOUEVLRENES TH Y, Rk
THHIETHD. EoT, BMIEHOF HIE, 7
BHEKESHT, GREELDH T VBT, MoRRmHEL
ERMHEYVHBET AT ZETH L.

L2 L, BMI ##8¥ 2 220085 Th AR L
R, BIUENOLOMMMLRERDT2L, RO X
IBRBENPELD 5 1) GEP 1 DO TH 5720,
BMI 347 &b & 2 Flp#li Tl RIKFT 5
Th»9, 2) pE L THRELAHHT 5726, BMI
A MRS E O EEZTHTHAH), 3)
GFELTHRELMEHT 5729, BMLIZ2 2% ) Of
B, BRIRMMEE (FFM) *BRIHEGE FM) o
WEEZFLTHAL Y,

BMI #" 5 R L 3R AR AREORKTH S LT 5
RER, DFOEPSLFLIELL AV, 1) &E
(E 5% 2 AMREDSE CEER TS, 2% DIRIEREL X
VAiE-H Y, 2) BMIIZHEOD - HFLZHWTHED
HEEMIELTWSY, FROZENEEIIGEEIN
TWh EERS W, 3) 4512, /ANEIZBIT % BMI
LHEOHE (r=03) X, BRAOHE (r=-0.12)
JEL, BMIDBEELZERBRTHL LWV IE
i, METIELTLHELL W,

Bl z1E, BMI & HROMBGREKIE, 1Ml TE6
MU ETIEE L, 125 6T TORTIIEN.
ZDOZEE, DTFD2 00—k SO MG 722
oo ThHhrEeEZONL ;1) 1T L 6L
ETiE, HEER & BEFRICEBTICL > THENT 572
WTHY, 2) 1k 6 mOBTIE, KRS EA T
5—HT, GEIENTA20THA. 2, BMI
EHEOMBREE, 18U TE6mUETIETI A
TwE, 1EAL6MOMTIHEL, LiITLiE~ AT
ATH5H".

ZHEHIZ, BMI Z#fRERLEEORES LTH
Wa A, FFM EEWAELRHBEZ RTHROEE
g L e, BMI o#k2SBER (FM) o
KiZE2oh, EEVE (FFM) O#RICE20H
AUHIWTC & 22\,

B A D BMI & RN &I13AHB % (r=0.7~0.8)
EHE SN TR A, NEHITIIRE L) BRAS
ZOWMALEEHEIC L TWA. BMI & KRR
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(%FM) oML, AT RICEVWERESR
T2 95, /NEEICBIT % BMI & R & O BI£R
BF LIS ISR TW WY,

BMI (&, MEGMHHOREL L CHEI b0 THS
B bnsyy, FEEo k)i, HE & BMI O
MRBUTERIC L > TED L. T/, KEIZ, FFM
& FM OGRS, TS DT O
By 72 lEARE CEDb Y 95 5. - T, BMI DEWN
BEFFM 2545 0h, FM M54 LA D0 % EFE
THZENEETHA.

2) BE#EHIBIO BMI-# v b+ 7

oD BMI-4 v b & 7EASHLIGOF HI S
nTws, Flzi, HREEERE (WHO) X, BMI=
25.0kg/m* & 29.9kg/m* D[ & KA D@k E, BMI=
30.0kg/m*Ph b 7% e A DB & 4 % B2 fike L Tw
AU b0 h v M 7EIX, BMI LR THERRLRE
BEEOBRBICBIT 2 —HHRER, S EHZI LT
A% BMI=25.0 & BMI=30.0& W5y b4+ 7 -
AR A ~ b ¥ National Center for Health Statistics
(NCHS) ##EICBIF 218 B LD ZNFN0/3—+
YE AN (%ile) L95%ile ICHUTHIERS, T
AN HTII/NEHID S FEMNE TOB/BKEDOS v b+
7 KA Y N ERB0%ile, MBHDOH v FAT - KA ¥
b %95%ile (AT 5 BMI & L THWTWAY, L
2L, 95%ile-BMI # A v 47 - KA v b &
LTHWTWAEIZ, 7AYH, BF5, 9077
CThEGBEY, 71K, 79VA, )y,
INYH) =, AFY AR ELLOEIL, 90%ile = H
WTWAY DHETHI0%ile BAHV SN, N F—
LA T V79T Wile A — A b T 1) T1E85%ile = H
WAHRYE, v bET - RA Y ML, FRENOER
DGR EACHE BRI o TRR o TWARY, L
b, INLDh Y vEFT - R MDELIE, FEE
IR DO REMIZE DO Wz %ile  HWTHB Y, 2ER
HEERICESVWEDDRD VI ) TH LY.

BMI # B v b+ 7 - KA ¥ PELTHHET
5121E, BMI 2B REFELMEAZ RS ZWVENV)
B ETH L. LAL, 6mELEE, LT CTIlk12
FC, BETIRI0EHWIZ4E T TOR, BMI 135
REFBICHET 2 LM RE SN TWEY. 2%,
NS DOEREFHT, BMIDOA v b+ 7 - KA b
Z RGBS VA 2 S AFEE TR IUE SR 5 .,
LA, BEHTIEIBMI L ho—L)vigik (W/HY)
DFBRVIERTHA ) LTrHELHHY.

—7, HHEBRNBFTHUFM=20LLF, &LF+T

BEM=25LL LSO H v b AT - KA hEEN
Twb. BMI & %FM OAHBIBFRIE IR AY, 1750
EOBATIE, TROEDOBBRARANTERSN, B
BIRICR <, TOMRIIEIEEICRESNS L)
WMENDH LY., fEoT, KPEEFEETRD
%EM 12 & A HEmHBCxTd % BMI-%ile 71y M4 7 -
KAV MCEAEWEOMBENIEE D, ZORKE
(sensitivity) ($45~55%Cad 5. FEEIZ, A%
FRIZA Y E—=F 2V AFETKD72%FM & BMI-%ile
DOETH, BIEL6% &ELIET2% &9 sensitivity
NHEINTBHY, wFhd BMI-%ile ®
sensitivity (Z@ < v, Lo L, £ offzix, 3k
RE i & A& JE ARG & & B 5 BMI-%ile o 45 52 BE
(specificity) 122V T90% —98% % Hits L Tv 592,
24 5L, BMI 2SR B 0w Y) a5t & % %
72T, RO 3IDDEMMMIZEINERETHS !
1) BELEMHETHL L, 2) hELHRMHET
52k, 3) REEELBIMHBETLI L. F72,
BMI 7% FM MBS 5 & LT, BMIIZAEG O
W L CRED L B 720, HEEAEEZTICES Y
72BMIE, EFICBTLRHED—RA 7 ) —=>
ZIZEE LT T h, EADRMZENICH W2 5412
FEEIERESLETHS ).

2. FFMI & FMI

BMI &, HiA#O 14E£MTHELT.1kg/m*, %8
16.3kg/m* T TEMICKE &), D% 5% Tk
i (BIR15.9kg/m* ZIR15.3kg/m*) (2L, R4
IZRE LD L HRAD20—25kg/m*IET 52,
COEHIZ, 16 LT 5 mblED S BENIC
W TH KT 5 BMI 0Z L& {IEME) N7 8
(adiposity rebound) EIFATWAY., 2D 55
E%%’#ﬁfBMIﬁwﬁT%i%u Al L7z &

IBMI &L HEPEWVHBZRTIITH L. o
f, Z O o BMI O KAMKE % #3545 FFM
DOBERIERT 2 D%, FM OB KIGERT 5 D03
BMI TIZ i€ & 2.

—77, {oker iRl E (FM) fkEOS—t v 7 —
Y (%FM) & LTHET I ETEELISNSD, Bk
ffit (FFM) &AE7 1 - ¥4 X CTHE S 312t
il (kg) TERINLMEEICHS. BIZIE, M1DX
VICHGRIEFE L THEIMEEIELR D 3 NOHEE %
WRETH. AL BIZFFM 2SFA L TH 2 DIZx LT
FM 23%7% 0, B& CIZ3 FM 2F L Td Y FFM #°
Bhh. ZOBE, WFM oKX 2IEC>B>A OJF
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&%), FFM OFEIZED 284 (%FFM) 2%
LTwh. LaL, BMIIZB>A>C DJEIZ/AE L
%Y, %F M@jzé SLFEMRTHL. ZOMED
BEEMIE, %BFFM 12 BT 2 B BRE [ 0E W A% FM
DFEVIZHETLEV) G THAH. 2F 0, i
FM O #ANEA» Y T4 <, FFM oEmb 5l &k §
720", %FM O X 9 R OFRIPFEL, FM H#N
D3 % B/ NEEG L, FFM ©Z84t % A, A k& 1] fE
T b, T2, %BFFM & BFM 3fll L L THE
(100%) %#fEEed 5720, —HHl R 3 h
X, ) —HIIHERIINT 52 8RB, 5T,
EARF 28 AN R R, sV IZERIICH 72 5 4H
AAREBNTHET 5254, FFM X FM Ol E &
BERT A - A X THEINLLEDN DS,

1) FFMI & FMI O#t&

FFM & FM # K74 - 4 A CTHETH12o0)
FE, FFM & FM 226/ S b R E % R Tl
L, RIZZOMELMEELY FFM & FM O 2 55
WA ETHAHY. BMLIZEE (H) THELL
RKE (W) OfEHE LTHELEINTWEO T L
TORDY LD .

BMI=WT/HT*=FFM/HT*+FM/HT"
FFM (kg)/H® (m*) (ZB&IEM =% (Fat-free mass
index; FFMI), FM (kg) /H* (m*) el fe%k (Fat
mass index; FMI) &IEnTw59.

2) FFMI & FMI EHEOF| &

BMI & FFMI R OFFMI i3, #hEFRFDL DT
HBED, WENDB KT - A XA THELZEETH
5. BMI % FFMI & FMI 124317 5 2 &%, HikHL

BOWE % LITIIATFRETH B 05, T DIRKDE
BE& (150cm)
& (51.0kg)
& (150cm)
hE (45.;1:2) BMI (22.7kg/m?) 55 (150cm)
BMI (20.0kg/m?2) K& (42.0kg)

BMI (18.7kg/m?2)

FM (19kg)

FM (13kg) %FM (37.3)

%FM (28.9)
FM (19kg)

%FM (45.2)

FFM (32kg) FFM (32kg)

FFM (23kg)

HERBA KEREB WEBREC

1 BRAFPRAUCTHENEL S 3 NDRBHBRE
Wells et at. (2002) % FHEIBIE.

HEIEBHTHY, HLBO kg/m* &) BATEY Z
ENRTES.

FFMI % FMI L W) e x Hwb 2 &ix, RO
BT o 29 EE O FFM ®° FM (23 2 BRIE 00 72
EFRICE > THEMTHA. Bz, M20kHi2, 1K
EOFREF U THEMEWEE 2L (A) LHE
A REMREICH HHEE (B) 2IRELT, AL
B @ FFM % FM % i fEC /S —+t > 7 — Y CHET
&, MEBEBOGHRMBIITA LR CICFHEis s, L
ML, WHEREO FFMI & FMI 258 35%, AD
FFMI (¥21.2, Bi317.7& 7% b, FMIE A 3.1, B
M24EHD. ZOEHIZ, MEBREIZIFEENDH
572%, FFM & FM = AR TH%ET 5 &, #EHRE B
» FFMI & FMI 3 #87& A L) /NS fEE %D
W B ASYEEENICH S Z LD h 5.

K2, ATy MZXBEEOFEMIC FFMI &
FMI £ WO ¥ ZEZHWTA L., ¥4y PIRIZ24
HET, REOWDIIIEED24% TdHh o 72 LIKE
T5. ATy MBS 24EE% T TICHIERDL2
B Z Mz <, KPFEEFEETHELZ FFM &
FM O IZ 5D 5 M3 (%FFM & %FM) &
FFMI K 0" FMI O Z b5 X 3 1SR $. K& L RE
WNHE - T, %BFM KT 2/RT 75, Ak l,f_;v
2, b9 —DODREOWEBL T TH 5 FFM OxHE
BAEREBRDICOEDL TR L2 VI FRERT.
L2L, ¥4y MZLoTHEREBAL LRV D
FFM & FM % B ECTi## L T FFMI & FMI %jw)

& (170.4cm)
AE (70.6 kg)

BMI (24.3 kg/m 2)
FFMI (21.2 kg/m2)
FMI (3.1 kg/m?)

SR (185.3cm)
AE (69.1kg)
BMI (20.1 kg/m 2)
FFMI (17.7 kg/m2)
FMI (2.4 kg/m?)

FM (9.0 kg, 13%)

FM (8.4 kg, 12%)

FFM (61.6 kg, 87%)

FFM (60.7 kg, 88%)

HWERBA #HEREB
(BRIZKERS) (RERERSE)
2 HECHEFHEKRIARER UCBELHBRE L
RERBTEE

Van Itallie et at. (1990) % #HHEIBIE.
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% B¥
100 ; ; - r 20
80 + 18

FFMI

40 - 8

20 - 4
: FMI
0.. H B L 0

BItE 128 248 12,81

3 26BRDZATy MIEB3HFHERDELL
Van Ttallie et at. (1990) % #HIBIE.

B &, THRBUIEA S I AMET 2 R

L, FM O & FKEIC FFM O b 1) 1k
HEORFEWMATH Y, N & 3o A IR IRE S
KEEEIZ L DEREEOHEENL V. EoT, EED
FHfi 2 1d FM Ol 120 2 € FFM O &FHiffi b B3 T
H5b. 41, 6 mO/NREMIZE VT BMI 2710
%ile LLFI28 1) 4 L HIF S 2 piBkE A (BMI=
12.5) £ 90%ile LA EI2dH V) @A & HIHT S 5 R
# B (BMI=16.8) ZlELTw5b. %FMIZLko>T
MEZLET 5L, ADWFM 1322.1CTH Y, @EFE
EHIWT SN D BDOWFM=13.9L ) IS NITE W%
Y. LaL, MEFBOFMIIZRERL (A=28L B
=2.3) THoTd, FFMI Z5i§ 5 & B D14.512
LTADFFMI39.7CT» h, FFMI OFFifiiZ & -
TIELOTHEE A 2YEEEHRICH 5 LFHT SN 5.

2D & 9T, FFMIIZREREDHER TH 5 H1HL
B DR E L TBN L IZET 2R LR T
fefitd HEHEifE R L L TEELZERZ D26 DTH 5.

3) FFMI & FMI ICB T 2 S DRE

BMI &, FFMI+FMI T& % 72%, BMI DK
(BA) &, —FHOBITOER (BA) B idmE s
DR (BA) THHTES., 72, —EDBMIT
b, FFMI 288K AUE FMLIZEAT5TH A9 .
fit> T, FFMI & FMI O#AEHLEIZL > T, #E
PR EE S NS, BRI, PAITRL7ZEED
WEE A DX 912, FE109.5cm, AE14.94kg TH
E, BMIZ125& 7% %%%, L A @ FFMI 23 #E#E
XY m<, FMI QFEEE L) miyiud, B A
3 L IIFHIi S Nz v, FFMI & FMI O A& D

5K (111.0cm)
K& (20.72 kg)
BMI (16.8kg/m 2)
%FM(13.9)

BE (109.5cm)

BMI (12.5kg/m 2)

%FM(22.1)

FFMI (14.5)

FFMI (9.7)

WEREA HEREB
(BMI 10%ileld T D& ) (BMI 90%ilel} £ &8 K &)

4 BEE/MREBEENRD FFMI & FMI
FHEORFERT =5 (6 ROELT/AR).

FF4o0MAREZ NS 1) KFFMI & &
FMI (#1897 0E0G) 2) K FFMI &K FMI (18 9%
B T AVF-REIC L 2HEE) 3) & FFMI & &
FMI (FrfEK %9 #ikE) 4) @& FFMI & & FMI
(WD L) ZRHE). L, ToL) %
BN HRME L 2 ZEEEPLETHD. LarL,
FFMI & FMI o#t& i3, RERBOFFMIEE L LT
PEICER R & % FFMI % FMI 12 B3 5 {5 70 i
NDIEHEAED HAHFEEWH S 22 ENTWHE Y, /WNE
WZOWTIEHLMIEN TR W, HEoT, FFMI &
FMI &) 552 ISR 2 720 I HEE O
TERA G HOBRLFETH 5.

%12, B2 FFMI & FMI ASa2RRED A %N 72 &F
flifg5CTH->TdH, BMI L FERICZ NS DIFEIZ,
e g EEIZEME TR LIRS v, HEBRA
BT, LB EGERICIEELMHE» 2
WEHEBEINTWEY, LaL, MNEOBRTIE,
FFMI & FMI & &, BMI & FEEIC 5 % T TORLEN
TIIHELABEIHE LRV, 2% Ed 615
B E COMTITABELRMEI RO LN TWEYY,
- T, BMI L FEffIC, FFMI & FMIOfERH b 5 5
ERHIH IR E SN A HREMDH 5.
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